The aims of this study were to establish the nutritional status of children pre-BMT and to determine whether predictive methods of assessing nutritional status and resting energy expenditure (REE) are accurate in this population. We analysed the body cell mass (BCM) (n ¼ 26) and REE (n ¼ 24) in children undergoing BMT. BCM was adjusted for height (BCM/HT p ) and expressed as a Z score to represent nutritional status. To determine whether body mass index (BMI) was indicative of nutritional status in children undergoing BMT, BMI Z scores were compared to the reference method of BCM/ HT p Z scores. Schofield predictive equations of basal metabolic rate (BMR) were compared to measured REE to evaluate the accuracy of the predictive equations. The mean BCM/HT p Z score for the subject population was À1.0971.28. There was no significant relationship between BCM/HT p Z score and BMI Z score (r ¼ 0.34; P40.05); however there was minimal difference between measured REE and predicted BMR (bias ¼ À117 149 kcal/day). The results of this study demonstrate that children undergoing BMT may have suboptimal nutritional status and that BMI is not an accurate indication of nutritional status in this population. However, Schofield equations were found to be suitable for representing REE in children pre-BMT. Bone Marrow Transplantation (2005) 35, 775-779.
Summary:
The aims of this study were to establish the nutritional status of children pre-BMT and to determine whether predictive methods of assessing nutritional status and resting energy expenditure (REE) are accurate in this population. We analysed the body cell mass (BCM) (n ¼ 26) and REE (n ¼ 24) in children undergoing BMT. BCM was adjusted for height (BCM/HT p ) and expressed as a Z score to represent nutritional status. To determine whether body mass index (BMI) was indicative of nutritional status in children undergoing BMT, BMI Z scores were compared to the reference method of BCM/ HT p Z scores. Schofield predictive equations of basal metabolic rate (BMR) were compared to measured REE to evaluate the accuracy of the predictive equations. The mean BCM/HT p Z score for the subject population was À1.0971.28. There was no significant relationship between BCM/HT p Z score and BMI Z score (r ¼ 0.34; P40.05); however there was minimal difference between measured REE and predicted BMR (bias ¼ À117 149 kcal/day). The results of this study demonstrate that children undergoing BMT may have suboptimal nutritional status and that BMI is not an accurate indication of nutritional status in this population. However, Schofield equations were found to be suitable for representing REE in children pre-BMT. Optimal nutritional status is vital to paediatric BMT patients to ensure that they have the best chance of a successful recovery.
1,2 Impaired nutritional status before BMT is known to be a negative prognostic factor for outcome, with well-nourished patients having a shorter engraftment period. 3 Maintaining optimal nutritional status before BMT can be compromised by the symptoms of the disease, difficulties with enteral feeding, aggressive treatment regimes and lack of assessment methods. Conditioning regimens, mucositis and the possibility of gut graft-versus-host disease result in poor functional integrity of the gastrointestinal tract during BMT and can make feeding challenging. 1, 4 In addition, increased energy requirements, fluid restrictions and hepatotoxicity of parenteral nutrition often result in minimal opportunity to provide adequate nutrition consistently. 5 It can be difficult to evaluate the efficacy of nutritional support during the BMT, as biochemical indexes have been shown to inaccurately reflect changes in nutritional status of BMT recipients. 6 To ensure the nutritional status of children pre-BMT is optimal, it is vital that nutritional status can be monitored accurately and that individual energy requirements can be predicted and thus fulfilled.
Despite the difficulties of maintaining optimal nutritional status, previous studies have reported that children pre-BMT are generally well nourished. 7, 8 However, nutritional status in these studies was assessed using anthropometric methods, which may have limitations when used in children with clinical conditions. In this paper, nutritional status is represented using body cell mass (BCM). The BCM is the mass of metabolically active cells in the body, which is an important component of the body's fat-free tissues. Measurements of BCM are the ideal reflection of nutritional status in children with a clinical condition, as BCM measurements are independent of extracellular fluid shifts that may occur as a result of the disease state. Studies of BCM have not been previously performed in a paediatric pre-BMT population. The primary aim of this study was to evaluate the nutritional status of children pre-BMT using BCM as an indicator. As previous studies and many clinical centres use body mass index (BMI) to determine nutritional status in pre-BMT patients, the secondary aim was to determine if BMI is a valid indicator of nutritional status in this population when compared against the reference indicator of BCM.
It is important that the energy requirements of children pre-BMT can be accurately measured or predicted to ensure that the nutritional support is tailored to the individual needs of the child. In many treatment centres, Schofield prediction equations of basal metabolic rate (BMR) are used to determine the energy requirements of children pre-BMT; however, these equations are derived from indirect calorimetry methods in healthy children. 9 It has been demonstrated that these prediction equations are inaccurate in children under intensive care, 10 but it is unknown whether they can be applied to calculate energy requirements of children who will undergo a BMT. The final aim of this study was to determine if the Schofield prediction equations could accurately predict resting energy expenditure (REE) in children prior to BMT.
Patients and methods

Patients
This study was a retrospective quantitative analysis of clinical results. The data of all patients undergoing BMT at the Haematology, Oncology and Stem Cell Transplant Unit, Royal Children's Hospital, Brisbane, between April 2000 and April 2004 were examined. The results of patients between the ages of 5 and 17.99 years and who had undergone a body composition assessment were included in the study. Only children over the age of 5 years were included in the study, as reference data for BCM adjusted for height were only available for children aged 5 and above.
Methods
Patients attended the Body Composition Laboratory at the Royal Children's Hospital, Queensland, for the assessment. Patients underwent the BCM and REE assessment within 2 weeks prior to conditioning and total body irradiation. Patients were fasted for at least 6 h prior to measurements. On arrival to the lab, subjects were weighed to the nearest 0.05 kg using calibrated digital scales (Tanita BWB-600, Wedderburn Scales, Australia) and height was measured to the nearest 0.1 cm using a wall-mounted stadiometer (Holtain Instruments Ltd, Crymych, UK). BMI was calculated as weight (kg) divided by height (m) squared and converted into Z scores using the LMS method described by Cole et al.
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Nutritional status
Potassium is the primary intracellular cation and, as 98% of the body's potassium is located within the BCM, 12 it is possible to determine BCM from total body potassium (TBK) analysis. TBK analysis was performed using a shadow shield whole-body counter (Accuscan, Canberra Industries, MA, USA), which contains three sodium iodide crystal scintillation detectors arranged above a scanning bed. The crystals detect the 1.46 MeV gamma rays being emitted by the potassium-40 ( 40 K) found in the body. As a fixed proportion of the body's potassium occurs as the natural isotope 40 K, TBK can be determined.
The measurement of TBK required the subject to lie supine on a bed that is moved under the detectors. Two 1100 s scans were performed for each subject with all personal metallic objects having been removed. Background and sensitivity checks were completed daily and considered in each measurement, with TBK in grams being reported. BCM was then calculated from TBK using the equation of Wang et al:
This equation is based on the cellular level body composition model and is derived from TBK and total body water measurements in healthy adults. BCM was adjusted for size (BCM/HT p ), with height being raised to the power of 2.5 for female subjects and 3 for male subjects. These gender-specific power adjustments were derived using log-log regression of normal paediatric data collected in our laboratory (n ¼ 313 healthy children; 5-18 years). BCM/HT p was expressed as a Z score relative to laboratory reference data. A Z score below À1 was considered to indicate suboptimal nutritional status.
Energy expenditure
REE was measured via the Deltatrac IIt metabolic cart (Datex Engstrom, Finland). The Deltatrac IIt metabolic cart was calibrated via gas calibration, pressure calibration, a respiratory quotient calibration and a flow calibration. A pump draws ambient air through a canopy at a constant rate, and the gases are shunted through a mixing chamber. REE and the respiratory quotient are derived from the concentration differences between inspired oxygen and expired carbon dioxide.
Patients were required to lie in a supine position for 30 min with a canopy placed over their heads during the measurement. The first 10 min of the measurement were used to ensure the patient was settled and to ensure the air inside the canopy had equilibrated, and the next 20 min were used to calculate REE. BMR was predicted via the gender-, age-, height-, and weight-specific equations of Schofield. 9 
Statistical analysis
Data are presented as mean7s.d. BMI and BCM/HT p were expressed as a Z score for the subject population and each gender. A Z score below À1 was considered to be indicative of suboptimal nutritional status for both BMI and BCM/ HT p . This cutoff is almost equivalent to the 33rd centile, and thus children falling below are in the bottom third of the population. Therefore, while it is possible that some children in the lowest third of the population may not be malnourished, we believe that this cutoff will certainly capture all the children who are malnourished. Other cutoffs could be used and undoubtedly they will be somewhat arbitrary, but at least a cutoff of À1 is easy to use and has a measure of validity.
Correlation analysis was performed between BCM/HT p Z scores and BMI Z scores to determine if the two variables were related, with significance set at Po0.05. To determine Nutritional status and energy expenditure pre-BMT M White et al the agreement between predicted BMR and measured REE, the measurements were compared using the method of Bland and Altman. 14 The bias was calculated as the mean difference between the measured REE and predicted BMR, and the 95% limits of agreement were assessed as the bias72 s.d. The Microsoft Excel program (Version 5.0, 1997, Microsoft, Seattle, WA, USA) was used to compile the database and statistical analysis.
Results
Patients
A total of 26 children pre-BMT were included in the study; however, only 24 children were included in the REE analysis due to two children being unable to complete the measurement. The study population was made up of 16 boys and 10 girls, aged between 5.4 and 15.4 years. The mean weight of the total subject population was 37.60713.20 kg, the mean height was 139.0719.2 cm and the mean BMI Z score was 0.5171.79. Diagnosis included acute lymphocytic leukaemia (n ¼ 17), acute myelogenous leukaemia (n ¼ 3), chronic myeloid leukaemia (n ¼ 1), myelodysplasia (n ¼ 1), dyserythropoietic anaemia (n ¼ 1), Hodgkin's lymphoma (n ¼ 1), primitive neuro-ectodermal tumour (n ¼ 1) and severe aplastic anaemia (n ¼ 1). Length of condition before pre-transplant testing ranged from 0.01 to 10.77 years. Patient characteristics are summarized in Table 1 .
Nutritional status
The mean BCM/HT p Z score of our pre-BMT population was À1.0971.28. The Z scores of BCM/HT p were examined according to gender; the mean female Z score was -0.4971.14 (3/10 Z score oÀ1) and the mean male Z score was lower at À1.4671.25 (11/16 Z score oÀ1). Results are shown in Figure 1 . Correlation analysis showed that there was no significant relationship between BCM/ HT p Z score and BMI Z score (r ¼ 0.34; P40.05) with only 9% of the variation in BCM accounted for by a variation in BMI. A total of 54% of the population were classified as suboptimally nourished by BCM/HT p Z score, while only 15% were classified as suboptimally nourished according to BMI Z scores.
Resting energy expenditure
The mean measured REE was 12557251 kcal/day. The mean predicted BMR was 12457255 kcal/day. A Bland and Altman analysis revealed a mean bias of 117149 kcal/ day between measured REE and predicted BMR, with the 95% limits of agreement being 309 to À287 kcal/day.
Discussion
The aims of this study were to establish the nutritional status of children pre-BMT and to determine whether predictive methods of assessing nutritional status and REE were accurate in this population. Our study found that 30% of female and 69% of male children undergoing BMT had suboptimal levels of nutrition, with a BCM/HT p Z score that fell below À1. Considering our finding of Nutritional status and energy expenditure pre-BMT M White et al suboptimal nutritional status in 54% of our total pre-BMT population and the results of previous studies, which demonstrated that BCM decreases further after BMT in adult subjects, 15, 16 it is recommended that children undergoing BMT are provided with nutritional support and that nutritional status is closely monitored to ensure early identification of malnutrition. From our results, it appears that male patients may be more likely to suffer from suboptimal nutritional status than female pre-BMT patients. The male patients were on average diseased for 1.4 years longer than the female patients; however, there was no significant relationship between time since diagnosis and nutritional status (results not shown). Other studies are suggested to investigate other reasons for the gender difference in nutritional status.
A study by Pietsch and Ford 17 recommends the use of BMI Z scores for children 5-18 years with cancer. However, a significant finding of our study was that BMI is not an accurate method to define nutritional status when assessed against BCM/HT . Their study found that in a group of healthy adults and clinical subjects, BCM index was more sensitive than BMI in monitoring changes in muscle mass and protein tissues, and thus nutritional status. It is not surprising to us that BMI was not a good indication of nutritional status, because BMI is an index of body size and tells us little about body composition or nutritional status. Although BMI is a widely used index, care should be taken if it is used as a measure of nutritional status. The use of BMI by treatment centres to assess nutritional status in BMT patients may lead to the suboptimal nutrition of pre-BMT patients going undiagnosed. If BMI were used to define nutritional status in our study, the study population would have appeared to be well nourished and only 15% of the population would have been considered suboptimally nourished, compared to the 54% defined by BCM/HT p . It is important to know the energy requirements of children pre-BMT to ensure optimal nutritional support is provided before BMT. A previous study by RingwaldSmith et al 19 evaluated the suitability of three energy expenditure prediction equations in children undergoing haematopoietic stem cell transplantation. They found that the equations of Seashore, 20 Harris and Bendict 21 and WHO 22 overestimated the energy requirements of pretransplant patients and therefore were unsuitable for use in this population. The Schofield equation is another available prediction equation commonly used to estimate energy requirements and was the equation assessed in our pre-BMT population. These equations are derived from energy expenditure measurements in a group of healthy children and take into consideration age, gender, height and weight. Our results show that the Schofield equations estimated the needs of children undergoing BMT with minimal bias; therefore, in settings where indirect calorimetry is not available, it is suggested that the Schofield equation may be used to estimate energy needs before BMT. However, the limits of agreements were judged clinically significant, hence the Schofield BMR equations were considered not suitable to be used interchangeably with REE measurements to monitor energy expenditure in an individual. The accuracy of the Schofield equation in predicting energy requirements of children during BMT remains unknown.
It is recognized that most assessment methods may have limitations, including BCM and REE. A limitation of our study is that there are no paediatric-specific equations available to convert TBK into BCM. The equation of Wang et al 13 used to convert TBK into BCM is based on assumptions that may not apply to children with a clinical condition; therefore, this conversion may be a source of error in our study. All practical measures were taken to control the errors of REE assessment, with children being fasted and inactive before the measurement. As only REE was measured and the additional energy that children spend on activity was not assessed, we cannot comment on total energy expenditure of children pre-BMT. An activity factor would need to be included when calculating an energy prescription for oral or enteral nutrition. Other limitations of the study may lie with the subject population, that is, there were age restrictions on the patients and unequal number of male and female subjects.
Our study suggests that children pre-BMT may have suboptimal nutritional status, with half the population having a BCM/Ht p Z score below À1. Although an optimal nutritional status is preferred before undergoing BMT, in most children with poor nutritional status, BMT is unable to be deferred, as their primary disease is aggressive and requires early BMT prior to further relapse and disease resistance. In these cases, we recommend intensive nutritional intervention during the BMT procedure. Future studies are recommended to investigate which nutritional intervention strategies are successful in increasing BCM before and during the BMT procedure.
As expected, BMI was found to be a poor predictor of nutritional status; clinicians should use caution when using BMI as the sole criteria for the initiation of aggressive nutrition support. As BCM measurements are not available in most clinical settings, it is recommended that other simple alternative methods for determining nutritional status in pre-BMT patients, such as bioelectrical impedance or mid-arm circumferences, be investigated for validity in this population. Our findings suggest that nutritional regimes for children pre-BMT could be structured using the Schofield equations to predict energy requirements as they have good agreement with measured REE. Nutritional status and energy expenditure pre-BMT M White et al
